Dihydroxyacetone-phosphate:acyl coenzyme A acyltransferase (EC 2.3.1.42) was solubilized and partially purified from guinea pig liver crude peroxisomal fraction. The peroxisomal membrane was isolated after osmotic shock treatment and the bound dihydroxyacetone-phosphate acyltransferase was solubilized by treatment with a mixture of KCl-sodium cholate. The solubilized enzyme was partially purified by ammonium sulfate fractionation followed by Sepharose 6B gel filtration.
Dihydroxyacetone-phosphate:acyl coenzyme A acyltransferase (EC 2.3.1.42) was solubilized and partially purified from guinea pig liver crude peroxisomal fraction. The peroxisomal membrane was isolated after osmotic shock treatment and the bound dihydroxyacetone-phosphate acyltransferase was solubilized by treatment with a mixture of KCl-sodium cholate. The solubilized enzyme was partially purified by ammonium sulfate fractionation followed by Sepharose 6B gel filtration.
The enzyme was purified 1200-fold relative to the guinea pig liver homogenate and 80-to lOO-fold from the crude peroxisomal fraction, with an overall yield of 2530% from peroxisomes. The partially purified enzyme was stimulated two-to fourfold by Asolectin (a soybean phospholipid preparation), and also by individual classes of phospholipid such as phosphatidylcholine and phosphatidylglycerol.
The kinetic properties of the enzyme showed that in the absence of Asolectin there was a discontinuity in the reciprocal plot indicating two different apparent Km values (0.1 and 0.5 mM) for dihydroxyacetone phosphate. The V,,, was 333 nmol/min/mg protein.
In the presence of Asolectin the reciprocal plot was linear, with a Km = 0.1 mM and no change in V,,,. ' To whom all correspondence should be addressed. ' Abbreviations used: DHAP, dihydroxyacetone phosphate; G-3-P, sn-glycerol-3-phosphate. subcellular distribution and properties of this acyltransferase (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) . Schlossman and Bell (8, 15 ) confirmed the results of Hajra (5) that liver microsomal DHAP acyltransferase is competitively inhibited by G-3-P, and these workers have further reported that in terms of pH optimum, thermolability and inhibition by thiol blocking agents the properties of these two acyltransferases are identical. On this basis, it was concluded that the same microsomal enzyme is probably catalyzing both the acylation reactions (8, 15) . In contrast, Jones and Hajra (14) have shown that the major fraction (>95%) of liver DHAP acyltransferase is present in peroxisomes, and its properties are quite different from that of the G-3-P acyltransferase present in the same fraction. These results raised the possibility that in liver there are present at least two acyltransferases that catalyze the acylation of DHAP, one specific (peroxisomal) using only DHAP as the substrate and the other nonspecific (in microsomes) which may use both DHAP and G-3-P as substrates.5 However, because of cross-contamination of one subcellular fraction with other, the catalytic activities of these two acyltransferases have not yet been separated from each other (14).
The reaction catalyzed by DHAP acyltransferase is postulated to be freely reversible (16) so that acyl CoA is formed from acyl DHAP and CoA, indicating that the 0-acyl bond of acyl DHAP has a higher free energy of hydrolysis than the corresponding 0-acyl bond in glycerolipids. However, the formation of acyl CoA from acyl DHAP and CoA could not be shown directly with the membrane-bound enzyme because of the presence of other acyltransferases and acyl CoA hydrolase in the same particulate preparation.
To resolve the above questions, i.e., the specificity of DHAP acyltransferase and the reversibility of the reaction, the enzyme was solubilized and partially purified from guinea pig liver peroxisomal fraction, and the properties were studied with respect to the above parameters. The kinetic and other properties of this solubilized acyltransferase, including its stimulation by phospholipids, were also studied. The results are reported here. (22) . Polyacrylamide gels (7.0%) with and without sodium dodecyl sulfate were prepared and the electrophoresis of different fractions was run as described by Fairbanks et al (23) . The protein bands were localized by staining with Coomassie brilliant blue R-250. Other methods were the same as described previously (10, 14, 24) .
Enzyme pur&ation
All the operations were done at 4'C. Crude peroxisomes (450-650 mg protein) were prepared from guinea pig liver (60 to 90 g wet wt.) by differential centrifugation of the homogenate (33,000-250,OOOg-min residue) according to de Duve et al (14, 25) . The peroxisomes were suspended (3.25 mg protein/ml) in a hypotonic pyrophosphate buffer pH 9.0, IO mM) for 30 min at O"C, and then centrifuged at 106,000~ for 30 min. The sediment contained most @O-95%) of the DHAP acyltransferase, while 60-70% of the protein remained in the supernatant. The membrane-bound enzyme was then solubilized by suspending the residue (l-l.2 mg protein/ml) in a mixture containing sodium cholate (0.2% final concentration), KC1 (1 M), dithiothreitol(1 m%i), and TrisHCl buffer (pH 7.4,lO mrd) for 30 min at 0-4°C. This mixture was centrifuged at 100,000~ for 60 min. and the soluble enzyme present in the supernatant was concentrated (15-to ZO-fold) (approximately 10 mg protein/ml) by ultrafiltration using an Amicon XM-50 filter. The concentrated enzyme preparation (lo-15 ml) was then fractionated by the stepwise addition of a saturated ammonium sulfate solution (pH 7.0) at 0-4°C. The fraction precipitating at 20-35% ammonium sulfate saturation was collected by centrifugation (10,000~, 10 min) dissolved in 2 ml Tris-HCl buffer (10 mhr, pH 7.4) containing KC1 (1 M) and dithiothreitol (1 mM) and was then applied to a Sepharose 6B column (125 X 1.3 cm). The column was eluted with the same buffer mixture, and 5-ml fractions were collected. The enzyme activity and protein content of each fraction were determined. The fractions containing the main enzyme peak (see Fig. 1A ) were pooled together and concentrated by ultrafiltration (Amicon XM-50 filter) to a final protein concentration of 0.5-1.0 mg/ml. The concentrated enzyme was stored at 2-4°C. A loss of 3050% of the stored enzyme activity was observed after 1 month.
RESULTS

Sohbilixatim and Putificatkm of the Enzyme
Peroxisomal DHAP acyltransferase remained with the membrane fraction after the soluble enzymes were liberated by osmotic shock in dilute pyrophosphate buffer. Previously, it has been shown that the membrane-bound acyltransferase is solubilized by a number of detergents (14). Optimal solubilization was obtained by using a mixture of sodium cholate-KC1 solution when most of the DHAP acyltransferase remained unsedimented after centrifugation for 100,OOOg for 60 min. Extractions of the enzyme with sodium cholate at the concentration of 10 mg/ml or more were most complete, but recovery of soluble enzyme was maximal at 2 mg/ml cholate. At higher cholate concentrations there was significant inhibition of DHAP acyltransferase. Using KC1 (1 M) and cholate (2 mg/ ml), recovery of soluble enzyme was 200% relative to intact peroxisomes (Table I ). This stimulation of activity was expected since a portion of the DHAP acyltransferase in peroxisomes was shown to be latent (14).
By ammonium sulfate fractionation, most of the enzyme (5560%) was precipitated out between 20 and 35% saturation with an enrichment of 2.2-fold. A portion of the activity (30-35% of the total) was precipitated out between 35 and 50% saturation but with very little (1.2-fold) enrichment of activity. Some (5-10%) DHAP acyltransferase precipitated at ammonium sulfate concentrations below 20%, but this 
Note Peroxisomes were prepared by differential centrifugation from guinea pig liver homogenate (10% in 0.25 Y sucrose) as described by de Duve et aL (25) . DHAP acyltransferase was purified from peroxisomes as described in the text (see Experimental Procedures). At each stage of purification DHAP acyltransferase and glycerol-3-P acyltransferase activity were measured in the absence of Asolectin. In addition, DHAP acyltransferase activity was measured in the presence of Asolectin (numbers in parentheses).
material was found to be insoluble and consisted mostly of membrane fragments.
DHAP acyltransferase was further purified by Sepharose 6B chromatography in the presence of dithiothreitol and 1 M KCI. Dithiothreitol was necessary to preserve the DHAP acyltransferase activity. KC1 was necessary to keep the enzyme in soluble form since, in the absence of KCl, almost all of the DHAP acyltransferase activity came out as a large protein peak in the void volume. In the presence of KCl, DHAP acyltransferase was eluted as two peaks of activity (Figs. 1A and B) . Peak A, the void volume peak, contained less than 10% of the recovered DHAP acyltransferase activity while peak B contained the rest of the activity. The total recovery of enzyme activity from the 6B column was 40-60%. Peak A enzyme was found to be present in large aggregates, probably still bound to the membrane fragments, and was not truly soluble. Peak B enzyme, although of large size Kay = 0.34; apparent M, N 3 X 105) represented the soluble form of the enzyme. When the material in peak B was concentrated and rechromatographed on the Sepharose column, only one peak corresponding to that of the original Peak B (Kav = 0.34), came off the column indicating that, under the experimental conditions used, peak B was not converted back to peak A. Peak B enzyme was used for further studies.
A number of other purification procedures were tried with little success. The enzyme (peak B from Sepharose 6B column) was found to bind to a DEAE cellulose (DEAE-Sephacel) column at pH 7.4 and could be eluted as a single peak with 0.15 M NaCl. But the recovery of enzyme activity (with Asolectin) was very poor (5-15%), and little purification (1.2-to 1.5-fold) was achieved. Also, the enzyme recovered from the DEAE-cellulose column was very unstable with 90% of its activity lost on overnight storage at 2-4°C or by freezing and thawing; therefore this method was not routinely used for purification purposes.
Other attempts to further purify the enzyme included hydrophobic chromatography, affinity chromatography, and isoelectric focusing. When applied to a hydrophobic gel prepared according to Shaltiel (26) , DHAP acyltransferase could not be eluted from columns with six or more carbons per chain, while with hydrophobic columns containing two or four carbons, no purification was achieved. The enzyme did not bind to a CoA affinity column which was prepared as described by Chibata et al. (27) . Very poor recovery of enzyme activity was obtained by isoelectric focusing because of protein precipitation and consequent enzyme denaturation.
The methods described above were combined to partially purify DHAP acyltransferase from guinea pig liver, and the results are in Table I . Overall purification from the liver homogenate was over 1200-fold with a recovery of lo-15% when DHAP acyltransferase was assayed with Asolectin. From crude peroxisomes the purification was loo-fold and the recovery 25-30%. Upon polyacrylamide gel (5%) electrophoresis (no SDS) the enzyme activity was found only on the top 0.5-cm section of the gel indicating that the purified enzyme did not enter this high-porosity gel. On sodium dodecyl sulfate-polyacrylamide gel (7%) electrophoresis two closely spaced major bands (Mr = 54,000 and 56,000) were enriched during the purification of enzyme (Fig. 2) . A number of other minor bands were also present in the final enzyme preparation (Fig. 2) .
The purification of a closely related enzyme, G-3-P acyltransferase, was monitored for comparison purposes. From the results in Table I The Af, of the standard proteins are indicated next to the bands. Lane g-guinea pig liver "light mitochondrial" fraction, i.e., starting material (Table I) . Lane 3-enzyme purified through Sepharose 6B (fraction B) step. two acyltransferases behave very differently. G-3-P acyltransferase was not purified at all, and there was negligible activity after the final step. The recovery of G-3-P acyltransferase in the final enzyme preparation from peroxisomes was 0.03%.
Properties of the PurQied Enzyme
It was found that DHAP acyltransferase became unstable toward freezing after purification through the ammonium sulfate step. Upon freezing and thawing once, there was a 50% loss of activity in the enzyme which had been purified through the Sepharose 6B step. A sonicated dispersion of Asolectin stabilized the enzyme against freezing and thawing; however, since addition of Asolectin altered some of the properties of the partially purified enzyme, all fractions resulting from purification of the enzyme were routinely stored without Asolectin at refrigerator temperature (2-4°C) and used within a 2-week time period.
Asolectin has been found to stimulate solubilized DHAP acyltransferase (14). The same was true at all stages of purification with the largest stimulation (twofold) occurring with enzyme from the Sepharose 6B column pooled fractions (Table I) . Stimulation similar to that of Asolectin could be obtained by adding a phospholipid extract from crude peroxisomes (data not shown) (28) . If individual phospholipids emulsified with sodium cholate were added to the purified enzyme instead of Asolectin, the amount of stimulation was variable (Fig. 3) . Large stimulation (up to fourfold) was observed with phosphatidylcholine and phosphatidylglycerol at all concentrations. Phosphatidylethanolamine and phosphatidylserine stimulated at low concentrations (x1.5 mM) but inhibited at high concentrations. Phosphatidylinositol and phosphatidic acid inhibited at all concentrations (Fig. 3) . Asolectin added in the same manner (with sodium cholate) also stimulated the enzyme by two-to threefold (Fig. 3) . Sodium cholate itself at the concentration used in the incubation mixture did not affect the enzyme activity.
DHAP acyltransferase in intact peroxi- , different amounts of phospholipid, and Sepharose 6B peak B enzyme (6.5 wg protein) in a total volume of 0.6 ml. Each phospholipid mixture, prepared as described under Experimental Procedures was added to the assay mixture followed by sonication. The reaction was then started by addition of enzyme and sonication. The mixture was incubated at 37°C for 15 min, and the amount of palmitoyl mIDHAP formed was determined by solvent extraction under acidic conditions as described before (14). The specific activity of the enzyme in the absence of phospholipid was 106 nmol/min/mg protein. Abbreviations used: PC, phosphatidylcholine; PG. phosphatidylglycerol; PE, phosphatidylethanolamine; PA, phosphatidic acid; PS, phosphatidylserine; PI, phosphatidylinositol.
somes has been found to be stable to heat up to 6O"C, while the solubilized enzyme has been found to be heat labile (14). Not surprisingly, partially purified enzyme was found to be unstable above 40" (Fig. 4A) . The addition of Asolectin to the purified enzyme had little effect upon heat stability (Fig. 4A) .
The pH optimum of peroxisomal DHAP acyltransferase has been reported to be shifted from pH 5.5 to a pH 7.4 upon treatment with several detergents (14). A broad pH optimum of 7.0-8.2 was found for the partially purified enzyme (Fig. 4B) . If Aso- Enzyme (6.23 rg) in Tris-HCl (10 mrd, pH 7.4) and dithiothreitol(1 mrd) was preincubated at 37" for 10 min with varying concentrations of N-ethylmaleimide in a total volume of 0.6 ml. Aliquots (0.1 ml) of the reaction mixture were assayed in the presence of Asolectin for DHAP acyltransferase activity as described in the text. The specific activity of DHAP acyltransferase without N-ethylmaleimide was 167 nmol/min/mg protein.
lectin was added to the enzyme, a shift of pH optimum to pH 6.4 was observed (Fig. 4B) . The sulfhydryl blocking agent N-ethylmaleimide has been found to stimulate DHAP acyltransferase in intact peroxisomes (11, 14) . When the partially purified enzyme was treated with N-ethylmaleimide, a small (20%) but reproducible stimulation was also observed (Fig. 4C) . However, several other sulfhydryl reagents inhibited the partially purified enzyme. For example, pchloromercuriphenyl sulfonic acid (5 mM) inhibited the activity by 40-50%; iodoacetamide (5 mM) inhibited by 5-15%; and 5,5'-dithiobis(2-nitrobenzoic acid) (5 mM) inhibited by 20-30% (28 
Kinetics of the Purified Enzyme
The kinetic properties of partially purified DHAP acyltransferase in the pres-ence and in the absence of Asolectin were quite different (Fig. 5) . In the absence of Asolectin and with increasing concentrations of DHAP (constant palmitoyl CoA), there was a break in the reciprocal plot at 0.2-0.3 mM DHAP. The V,,, at pH 7.4 was 333 nmol/min/mg protein with two apparent Km's of 0.1 mM (upon extrapolation) and 0.50 mM. In the presence of Asolectin, there was no break in the reciprocal plot (Fig. 5) , and the Km and V,,, were 0.1 InM and 333 nmol/min/mg protein, respectively).
The Km for palmitoyl CoA was difficult to obtain since at higher concentration of palmitoyl CoA the reaction displayed nonMichaelis-Menten kinetics. Another complicating factor was the presence of bovine serum albumin in the incubation mixture, which, by binding to palmitoyl CoA, made the actual free palmitoyl CoA concentration unknown. However, below 50 PM palmitoyl CoA, regular Michaelis-Menten kinetics were observed, and the apparent Km was calculated to be 65 PM (28) .
Reversibility of the Acyltransferase Reaction
A CoA-dependent transfer of the acyl group from acyl DHAP to various acceptors has been reported previously, and it has been postulated that the reaction catalyzed by DHAP acyltransferase may be reversible (16). The reversibility is shown here directly by demonstrating the formation of acyl rH]CoA upon incubation of palmitoyl DHAP with rH]CoA in the presence of purified enzyme (Table II) Enzyme partially purified through Sepharose 6B were assayed as described in the text in the presence of (A) and absence (m) of Asolectin (16.7 pmol phospholipid). Activity (reciprocal plot) was given as nmol/ min/ml of enzyme. Note. The reaction mixture (whole system) contained palmitoyl DHAP (50 nmol), NaF (8.3 mM), MgClz (4.2 mM), bovine serum albumin (2.0 mg), Asolectin (0.5 mg), glutathione (4.2 mM), [G-3H]CoA (0.5 mM, 1.2 X lo6 cpm), Tris-HCl buffer (75 mM, pH 7.4), and enzyme (8 pg protein of Sepharose 6B Peak B) in a total volume of 1.2 ml. The incubations were done at 37°C for the indicated time period and the reactions were stopped by adding 0.2 ml of 10% HClO,, followed immediately by 0.1 ml of 10 mg/ml palmitoyl CoA as carrier. The mixture was cooled to 4°C and then centrifuged 15 min at 12,000~. The precipitate containing palmitoyl
CoA was washed twice with 2% HCIOI and then with acetone and ether as described before (Ref. (18)). The dry precipitate was then extracted with two 0.5-ml portions of Tris-HCl buffer (pH 7.4) and the radioactivity in an aliquot of the extract was determined. Another aliquot was used for thin-layer chromatography to identify palmitoyl [3H]CoA (see text). Controls were also run as indicated below.
n The reaction was stopped immediately after adding the enzyme.
is seen in the enzymatic exchange of acyl group between DHAP and palmitoyl DHAP. This is shown in Table III where radioactive acyl DHAP is found to be formed when r2P]DHAP and palmitoyl DHAP are incubated together in the presence of CoA.
DISCUSSION
Membrane-bound acyltransferases have proven difficult to solubilize and purify and till now only a few of them have been purified to a limited extent (2, 4, (29) (30) (31) . In this respect the partially purified DHAP acyltransferase, as reported here, probably represents the most purified mammalian long chain acyltransferase described to date. The enzyme was by no means homogeneous at this stage since, as mentioned before, several bands were seen on sodium dodecyl sulfate gel electrophoresis. The purification achieved was approximately NO-fold relative to the peroxisomal fraction. It should be pointed out here that since about 60% of total DHAP acyltransferase activity is latent, the actual increase in specific activity was 40-fold (Table I) . When this latency is taken into account, then, as seen from Table I , the liver DHAP acyltransferase activity (0.5 nmol/min/mg protein) is comparable to that of liver G-3-P acyltransferase (mitochondrial plus microsomal) activity (0.66 nmol/min/mg protein).
In guinea pig and rat liver, we found that most (>90%) of DHAP acyltransferase was present in the peroxisomal fraction, and its properties were quite different from the G-3-P acyltransferase present in the same fraction (13,14). As reported here, less than 1% of the G-3-P acyltransferase activity present in the peroxisomal fraction was recovered in the 6B pool fraction, with little purification, while 20-30% of the DHAP acyltransferase activity was recovered with a lOO-fold purification. This confirmed our previous hypothesis (14) that peroxisomal DHAP acyltransferase is highly specific for DHAP, with very little activity toward G-3-P as a substrate.
The purified enzyme is stimulated by Asolectin and other phospholipids. Asolectin has been shown to contain phosphatidylcholine, phosphatidylethanolamine, and phosphatidylinositol (32) . Among these lipids, phosphatidylcholine and phosphatidylethanolamine (at low concentration) stimulated the enzyme (Fig.  3) . Use of Asolectin and other phospholipids is becoming a very common method to stabilize and stimulate membrane-bound enzymes (19, 30, 32) . Apparently, phospholipids are an integral part of many membrane-bound enzymes and are necessary for the maintenance and expression of enzyme activity. This specific interactionbetweenmembrane-boundenzymeprotein and membrane lipids has been exten-sively studied by Fleischer and co-workers (33, 34) .
Many of the properties of the partially purified DHAP acyltransferase were different from those for the enzyme from intact peroxisomes. DHAP acyltransferase from intact peroxisomes was stimulated with Me, Mn2+, and Ca2+, but these divalent cations did not stimulate the partially purified enzyme (28) . Mgz+ and other ions probably act to protect the product acyl DHAP by inhibiting lipid phosphomonoesterase present in the crude membrane fraction (5); however, during the purification of the acyltransferase lipid phosphomonoesterase was removed (Jones and Hajra, unpublished results). Cu2+ and Cd2+ inhibited @O-90%) partially purified DHAP acyltransferase (28) as well as enzyme from intact peroxisomes (14) but the extent of inhibition was greater for the partially purified enzyme. Since Cu2+ and Cd2+ are sulfhydryl-blocking reagents, sulfhydryl groups may be involved in maintaining the activity of DHAP acyltransferase. This view is reinforced by the fact that enzyme activity during storage is protected by dithiothreitol.
However, inhibition of DHAP acyltransferase by Cu2+ and Cd2+ as well as by other sulfhydryl reagents, including pchloromercuriphenyl sulfonic acid, iodoacetamide, and 5,5'-dithiobis(2-nitrobenzoic acid), is incomplete. Therefore, the sulfhydryl groups which are blocked by these reagents may not be crucial for the reactivity of the enzyme. The purified enzyme also differed from the membrane-bound form in being less stable toward heat even in the presence of Asolectin (Fig. 4A) . The pH optimum of the purified enzyme (pH 7.0-8.2 optimum range) was different from the peroxisomal membrane-bound form (pH 5.5). As previously shown this shift to higher pH optimum occurred when the enzyme was solubilized from membrane with different detergents (14). The shift may result from a change to a less hydrophobic microenvironment of the enzyme upon its solubilization from the peroxisomal membrane. When the microenvironment of the purified enzyme was made more hydrophobic by addition of a phospholipid dispersion (Asolectin), the pH optimum was shifted to an intermediate value (pH 6.4) (Fig. 4B) .
The addition of Asolectin affected the kinetic properties of DHAP acyltransferase. In the absence of Asolectin, the Lineweaver-Burk plots, as shown in Fig. 5 , were biphasic and the two Km values were 0.1 and 0.5 mM. However, monophasic kinetics were observed for the purified enzyme when it was assayed in the presence of Asolectin, and the single Km obtained was 0.1 mM (Fig. 5) . A probable explanation of this finding is that there are two populations of enzyme, one (lower Km) which is still associated with endogenous phospholipid and another which is not. After addition of phospholipids to the purified enzyme, all of the enzyme molecules become associated with lipid and monophasic kinetics are observed.
The acylation of DHAP, catalyzed by DHAP acyltransferase, appears to be reversible in nature. With membrane-bound enzyme it was postulated that the reaction is reversible since labeled DHAP was found to be rapidly exchanged with acyl DHAP in the presence of CoA (16). This exchange reaction is also seen with the partially purified enzyme (Table III) Note The whole system contained Tris-HCI buffer (75 mM, pH '7.5), NaF (8.3 mre), MgCls (4.2 mrd), CoA (50 a~), palmitoyl DHAP (0.2 mbi), ["PPjDHAP (0.25 mM, 4 X 106 cpm), Asoleetin (1 mg), and partially purified enzyme (6.5 pg protein). The mixture was incubated at 37% for 15 min and the palmitoyl PPjDHAP was extracted, washed to remove WjDHAP (10, 16 ) and the radioactivity of an aliquot of the iipid extract was determined. (Table II) . The rate of conversion of rH]CoA to palmitoyl [3H]CoA slowed considerably after 2 h, and after 3 h there was 11.1% total conversion of r3H]CoA to palmitoyl [3H]CoA. No attempt was made to calculate an equilibrium constant for the reaction since both micellar and monomeric forms of acyl CoA and acyl DHAP are present in the reaction mixture and bovine serum albumin, which was present in the incubation mixture, binds both the substrate acyl DHAP and the product [3H]acyl CoA. These results show, however, that the reaction is definitely reversible, which has not yet been demonstrated for the comparable enzyme, G-3-P acyltransferase. This indicates that the ester bond in acyl DHAP may have a higher free energy of hydrolysis than the O-ester bonds in glycerolipids. Further work on the purification of the enzyme to homogeneity and its specific role in cellular lipid biosynthesis are in progress in our laboratory.
